In this paper we present the first experimental verification that the sensitivity of a chaotic system to small perturbations (the "butterfly effect") can be used to rapidly direct orbits from 
merically that orbits on a chaotic attractor can be brought rapidly to a desired state by the application of tiny, judiciously chosen perturbations to an available system parameter. In this Letter we describe the first experimental confirmation of this method.
To illustrate the method in the simplest context (i.e. , where the attractor dimension is near I), assume that the dynamics of the system to be controlled are described by a one-dimensional map [2] , We imagine that the parameter p can be varied by some small amount about its nominal value P, p P+ tip, and we seek a value for the small perturbation Bp in some allowed limited range, -hp~8p & hp, which will take us from a current state, X" to a desired state, X,. We observe that the variation in the state after one iterate of our map due to the variation in p is (2) Since ibpi is restricted to be less than or equal to hp, this defines an interval~i. This interval will typically grow with each successive iteration of the map until it encompasses the desired point X,. Once In order to apply our targeting algorithm, we first constructed a map from the experimental system. We chose [4] To evaluate the effect of approximating behavior whose dimension is slightly above 1 with a one-dimensional map, we implemented our targeting algorithm numerically on the Henon system defined by the map X"+) =F(p,X",X"))-
for various values of b. We used the parameter p as our control, and varied p by up to hp =0.05 about the nominal value p=1.5. We modeled the system as a onedimensional map in precisely the same way as in the experimental system. That is, we generated three data sets by iterating Eq. (3) using p =1. 45, 1.5, and 1.55, and, using only these data, interpolated between quadratic fits of these data sets to estimate F(p, X"). Using this model, we chose initial points on the attractor at random [7] , and targeted a particular point, X=1. 1, in 25 realizations at each of several values of the parameter b. The results of this process are shown in Fig. 3 . We show the rms error of the quadratic fit in the abscissa of the figure [8] . parametrically varying the position on the attractor. In our physical experiment, the maximum change [9] in the position on the attractor which we produced by varying the parameter amounted on average to 5% of the position itself. By constrast, the rms error in our spline fits was about 1% of the position. According to our simulation of the effect of higher dimensionality, our experiment is apparently operating very near the margin of targeting effectiveness.
Indeed, our targeting algorithm was observed in the experiment to be substantially less effective for smaller parameter variations.
The second complication has to do with the fact that in our analysis we have assumed that the system dependence on the parameter is given by x"+~=F(x", p") with F a Fig. 4(a) . For comparison, Fig. 4 Fig. 4(a) , for most of the switches, the subsequent x point does indeed land on the appropriate approximate curve in Fig. 4(b) . However, occasionally, when p is switched from p=p;" to p =p, . ", and the p =p;"x coordinate is in the region labeled 0 in Fig. 4(a In conclusion, this experiment has confirmed for the first time that it is possible to direct a chaotic system from an arbitrary initial state to a particular desired state using only small perturbations to an accessible system parameter. The method used is particularly suitable for systems which are describable by a one-dimensional map, although some higher dimensionality can be tolerated.
